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I. In t roduct ion  

Commercial p roduct ion  of s y n t h e t i c  l i q u i d  f u e l s  from t a r  sands ,  o i l  sha l e  and 
coa l  has  been accomplished us ing  each of t hese  resources .  Asphalt  d e p o s i t s  occur- 
r i n g  a t  t h e  su r face ,  which a r e  a spec ia l i zed  type of t a r  sand, were used a s  e a r l y  
a s  b i b l i c a l  times i n  t h e  Middle Eas t  coun t r i e s .  Based on tar  sands ,  a p l an t  wi th  a 
capac i ty  of 45,000 b a r r e l s  of o i l  pe r  day was dedica ted  i n  September of 1967 by 
Great Canadian O i l  Sands Ltd .  nea r  For t  McMurray, A lbe r t a ,  Canada, and i s  now i n  
ope ra t ion .  The e a r l i e s t  r epor t ed  commercial p roduct ion  of l i q u i d  f u e l s  from o i l  
sha l e  was i n  France i n  1839 but t h e r e  were r e l a t i v e l y  l a r g e  i n d u s t r i e s  i n  Germany 
and Scotland dur ing  t h e  1800's. Commercial production i s  s t i l l  r epor t ed  i n  the  
U.S.S.R., Spain, Sweden, and China (mainland). Liquid products  from coa l  f i r s t  
were produced a s  a by-product of coa l  carboniza t ion  and represented  only 5% of the  
o r i g i n a l  coa l  subs tance .  Production of l i q u i d  products  such a s  "coal o i l ' '  f o r  use  
a s  a f u e l  f o r  lamps was commercially p rac t i ced  a s  e a r l y  a s  t h e  l a t t e r  p a r t  of t he  
19 th  century .  Large s c a l e  production of l i q u i d  f u e l s  by d i r e c t  hydrogenation of 
c o a l  s t a r t e d  i n  1926 i n  Germany. This  was fallowed i n  1933 by commercial production 
of l i q u i d  products from t h e  c a t a l y t i c  r e a c t i o n  of carbon monoxide and hydrogen 
produced by gas manufactured from c o a l  ( t he  F i sche r  Tropsch p rocess ) .  Production i n  
Germany continued on a l a r g e  s c a l e  u n t i l  t he  end of World War I1 when the  p l a n t s  
were e i t h e r  destroyed o r  g radua l ly  converted t o  o the r  u ses .  Re la t ive ly  small  s ca l e  
p l a n t s  f o r  conver t ing  c o a l  t o  l i q u i d  products  were opera ted  i n  a number of o the r  
c o u n t r i e s  dur ing  t h e  pe r iod  1935 t o  1960 but t h e  only commercial s y n t h e t i c  l i q u i d  
f u e l  from coa l  p l a n t  now i n  opera t ion  i s  a F i sche r  Tropsch p l a n t  i n  South Af r i ca .  

11. U . S .  I n t e r e s t  i n  Syn the t i c  Liquid Fuels  

I n t e r e s t  i n  s y n t h e t i c  l i q u i d  f u e l s  i n  t h e  U.S. has  v a r i e d  g r e a t l y  s ince  the  
t u r n  of t h e  century.  During and following World Wars I and I1 i n t e r e s t  i n  a l t e r n a -  
t i v e s  t o  l i q u i d  f u e l  from petroleum was a t  i t s  h ighes t  peak because of shor tages  
t h a t  had occurred du r ing  t h e  wars. The German commercial production from c o a l  
du r ing  World War 11 which a s s i s t e d  t h a t  count ry  t o  wage w a r  was poin ted  t o  a s  ev i -  
dence f o r  t h e  need t o  e s t a b l i s h  a commercial i ndus t ry  i n  t h e  U.S. 

Throughout n e a r l y  a l l  of t h i s  cen tury ,  except f o r  t he  per iod  fo l lowing  the  
Eas t  and West Texas d i s c o v e r i e s  i n  t h e  e a r l y  1920's and i n  1930, t h e r e  have been 
repea ted  p red ic t ions  t h a t  t h e  U . S .  would s h o r t l y  "run out of o i l " .  These pre-  
d i c t i o n s  have l a r g e l y  been based on t h e  samll inventory  (approximately 11 t o  20 
y e a r s '  supply) which the  indus t ry  has t r a d i t i o n a l l y  maintained. A l a r g e  inventory ,  
however, would be d i f f i c u l t  t o  j u s t i f y  economically and u n t i l  t h e  l a s t  s e v e r a l  
y e a r s  t h e  r e se rve  t o  product ion  r a t i o  has  remained r e l a t i v e l y  cons t an t .  
a f t e r  many years  of remaining n e a r l y  cons t an t ,  t he  r e se rve  t o  consumption r a t i o  of 
l i q u i d  hydrocarbons has dec l ined  sharp ly  from 9.5 i n  1965 t o  7.5 i n  1969. This has 
been i n  p a r t  an i n d i r e c t  e f f e c t  of t h e  increased  imports of crude petroleum and 
r e s i d u a l  f u e l  o i l .  Imports t o  t h e  U . S .  s t a r t e d  s h o r t l y  a f t e r  World War I1 and i n  

However, 
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s p i t e  of t h e  o i l  import c o n t r o l s  maintained on crude petroleum s i n c e  1959, f o r  most 
of t h e  U.S. t h e  amount of imported l i q u i d  f u e l s  now r e p r e s e n t s  23% of domestic 
l i q u i d  f u e l  consumption. 

companies and o rgan iza t ions  concerned with energy supply and demand. 
e r a l  agreement t h a t  by t h e  year 2000 our energy requirement w i l l  about double.  
There i s  less  uni formi ty  i n  t h e  p r o j e c t i o n s  about how much each of t h e  energy 
sources ( coa l ,  o i l ,  gas ,  uranium) w i l l  supply of t h i s  t o t a l .  These p r o j e c t i o n s ,  
moreover, were made before  t h e  f u l l  impact of t h e  new pub l i c  p o l i c y  of maintaining 
t h e  q u a l i t y  of t h e  environment could be f ac to red  i n t o  t h e  p r o j e c t i o n s .  LOW s u l f u r  
r e s i d u a l  f u e l  o i l  has  a l r eady  made s i g n i f i c a n t  in roads  i n t o  c o a l ' s  e l e c t r i c  u t i l i t y  
markets on t h e  e a s t  coas t  and i t  appears t h a t  r e s i d u a l  w i l l  be used t o  r ep lace  
h igher  s u l f u r  c o a l s  i n  o t h e r  marketing a reas  a l so .  Even without t h i s  new cons ider -  
a t i o n ,  l i q u i d  f u e l  demands w e r e  expected t o  inc rease  by over 90% of 1969 consumption. 
The demand between 1970 and 1985 i s  expected t o  be g r e a t e r  than  a l l  t h e  o i l  p r e -  
v ious ly  produced i n  t h e  U.S. 

a very l a r g e  demand i n  t h e  f u t u r e ,  i ndus t ry  has  shown g r e a t  i n t e r e s t  i n  t h e  past  3 
yea r s  i n  s y n t h e t i c s  produced from any source.  The d iscovery  of what appears t o  be 
a very  l a r g e  o i l  f i e l d  i n  Alaska has  appa ren t ly  slowed r e sea rch  i n  s y n t h e t i c s  as 
t h e  o i l  companies reexamine t h e  supply s i t u a t i o n  and their  o t h e r  investment needs. 
There remain major u n c e r t a i n t i e s  wi th  r e s p e c t  t o  t h e  s i z e  of t h e  Alaskan f i n d  as  
w e l l  a s  how and a t  what c o s t  i t  can be brought t o  U . S .  markets.  However, un less  
t h e  Alaskan d iscovery  i s  much l a r g e r  than  even t h e  most o p t i m i s t i c  e s t i m a t e s  t h a t  
have been made, t he  onse t  of a s y n t h e t i c  i ndus t ry  would only be de layed  a few years.  

111. The Need f o r  Syn the t i c s  

P ro jec t ions  of energy demand t o  the  year  2000 have been made by a number of 
There i s  gen- 

Because of t h e  d e c l i n i n g  r e se rve  t o  consumption r a t i o  and t h e  p r o j e c t i o n s  f o r  

The h ighly  compet i t ive  n a t u r e  o f  t h e  energy i n d u s t r i e s ,  because of t h e  s u b s t i -  
t u t a b i l i t y  of  energy sources  a t  t h e  poin t  of use ( f o r  most purposes) and t h e i r  
c o n v e r t a b i l i t y  from one form t o  ano the r ,  r e q u i r e s  t h a t  t h e  e n t i r e  energy spectrum 
be examined i f  we are t o  eva lua te  t h e  p o t e n t i a l  r o l e  of s y n t h e t i c s  i n  t h e  energy 
economy. However, because l i q u i d  f u e l s  are necessary  under today ' s  technologic  
cond i t ions  f o r  c e r t a i n  energy uses ,  it is  most important t o  examine t h e  a l t e r n a t i v e  
sources f o r  c rude  o i l .  

The ques t ion ,  "Is t h e r e  a need f o r  syn the t i c s?"  can be answered i n  many ways. 
If a shor tage  of l i q u i d  f u e l s  develops,  t h e r e  a r e  a v a r i e t y  of p o s s i b l e  so lu t ions .  
Among t h e  more obvious are: d i r e c t  s u b s t i t u t i o n  of o t h e r ,  more abundant energy 
sources f o r  l i q u i d  f u e l s ;  increased  imports;  pe rmi t t i ng  t h e  p r i c e  o f  o i l  t o  r i s e ;  
development of improved technology f o r  f ind ing ,  producing and u t i l i z i n g  e x i s t i n g  
and p o t e n t i a l  o i l  f i e l d s ;  increased  exp lo ra t ion  a c t i v i t y ;  and t h e  product ion  of  
s y n t h e t i c s  from o i l  s h a l e ,  tar  sands o r  coa l .  

study and a n a l y s i s .  It i s  easy ,  however, t o  s e t  t h e  major c r i t e r i a  which would 
have t o  be met from a n a t i o n a l  viewpoint.  These would inc lude  a secu re ,  d i v e r s i f i e d  
supply of l i q u i d  f u e l s  a t  t h e  lowest c o s t  c o n s i s t e n t  w i th  o t h e r  n a t i o n a l  goa l s .  

f u e l s  a r e  ind ispensable .  Even f o r  t r a n s p o r t a t i o n ,  it i s  p o s s i b l e  t o  fo re see  changes 
t h a t  would permit a h igh  degree  of s u b s t i t u t i o n  f o r  l i q u i d  products .  
au tos  o r  p l anes  us ing  n a t u r a l  gas o r  a c a r  u s ing  e l e c t r i c i t y  could be used i f  t he re  
w a s  s u f f i c i e n t  i ncen t ive .  Widespread use of e l e c t r i c  c a r s  o r  e l e c t r i c  t r a i n s  would 
permit t h e  primary energy source t o  be any f o s s i l  o r  nuc lea r  f u e l .  

I V .  Non-Technologic Fac to r s  

Se lec t ing  one o r  a combination of these a l t e r n a t i v e s  r e q u i r e s  cons iderable  

With today ' s  technology, t r a n s p o r t a t i o n  i s  t h e  only end use  for .which  l i q u i d  

For example, 

The technology f o r  conver t ing  o i l  s h a l e ,  t a r  sands and coa l  i n t o  an accept- 
ab le  s u b s t i t u t e  f o r  crude o i l  and i t s  products  has  been demonstrated on a commercial 
scale and i s  c u r r e n t l y  being used in  c o u n t r i e s  o the r  than  t h e  U.S. A proven 
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4 technology a t  p r i c e s  compet i t ive  wi th  crude petroleum i s  a necessary  but not s u f -  
f i c i e n t  p r e r e q u i s i t e  f o r  t h e  es tab l i shment  of a s y n t h e t i c  l i q u i d  f u e l  i ndus t ry .  
f a c t o r s  t h a t  i n f luence  both  t h e  p r i c e  of crude petroleum and of s y n t h e t i c s  w i l l  
a f f e c t  t h e  timing and t h e  r a t e  a t  which an indus t ry  w i l l  develop. 

Manyl 
‘t! 

’1 1. Fac tors  t h a t  a f f e c t  competit ion from o i l  

Since s y n t h e t i c s  would compete d i r e c t l y  wi th  crude o i l ,  changes i n  any of the 
laws, r egu la t ions ,  o r  s t a t e  and Federa l  p r a c t i c e s  t h a t  a f f e c t  t h e  domestic p r i c e  of 
crude o i l  could have t h e  g r e a t e s t  d i r e c t  impact on a p o t e n t i a l  s y n t h e t i c s  indus t ry .  

t h e  o i l  Imports Program, the  Federa l  dep le t ion  allowance, s t a t e  p r o r a t i o n i n g  prac- 
t i c e s ,  and Outer Con t inen ta l  Shelf and on-shore Federa l  l e a s i n g  programs. 

/ 

The most important of t h e  i n s t i t u t i o n a l  f a c t o r s  i n f luenc ing  crude o i l  p r i c e s  a r e  \ 

a .  O i l  Import Program 

The O i l  Import Program was c rea t ed  t o  promote a hea l thy  domestic petroleum 

\ 

i n d u s t r y  by l i m i t i n g  impor ts  of low-cost fo re ign  o i l .  The Program was designed t o  
a s s u r e  t h e  Nation a secu re  petroleum supply and i t  has  served t o  advance t h i s  pur- 
pose.  However, t h e  c o s t  has been high: Domestic oil s e l l s  f o r  between 75c and 
$1.25 p e r  ba r r e l  above world p r i c e s  or from 30 percent  t o  60 percent  h igher  than 
would otherwise p r e v a i l .  The m a j o r i t y  of the  Cabinet Task Force on O i l  Import 
Cont ro l  recommended t o  t h e  P res iden t  i n  February 1970 t h a t  i n  p l ace  of t h e  o i l  
import  quotas which had been i n  use ,  a t a r i f f  system be s u b s t i t u t e d  wi th  a th ree7  
yea r  phase out of t h e  quo ta  system. The b a s i s  f o r  t h e  recommendations was t h a t  
t h i s  would p e r m i t  some l i b e r a l i z a t i o n  of t h e  Program but s t i l l  be designed so t ha t  
i nd ica t ed  reserves  of North America would be s u f f i c i e n t  t o  meet 1980 production 
e s t i m a t e s .  Adjustments i n  t h e  t a r i f f  l e v e l s  would be made t o  in su re  t h a t  t h i s  
goa l  was met. There w a s  some support  a t  t h e  Cabinet l e v e l  f o r  a con t inua t ion  of 
quo ta s  i n  some form r a t h e r  than  the  t a r i f f  approach. The f i n a l  d e c i s i o n  with 
r e s p e c t  t o  o i l  import c o n t r o l s  i s  s t i l l  t o  be made. 

Any changes i n  t h e  O i l  Import Program would have a major impact on t h e  devel-  
opment of syn the t i c s .  Inc reas ing  s i g n i f i c a n t l y  t h e  amount of imports would tend t o  
dec rease  crude o i l  p r i c e s ,  which i n  t u r n  would r e q u i r e  a competit ive drop i n  t h e  
p r i c e  of s y n t h e t i c s ,  and t h i s  would reduce t h e  r e t u r n  on p l an t  investment.  Since 
s y n t h e t i c s  p l a n t s  a r e  c a p i t a l - i n t e n s i v e ,  even minor changes i n  t h e  compet i t ive  
p r i c e  of crude could have a major impact on t h e i r  economics. Any reduct ion  of 
domestic crude p r i c e s  would de lay  t h e  development of a s y n t h e t i c s  i ndus t ry  wi th  the  
p re sen t  s t a t e  of convers ion  technology and t h e  p o t e n t i a l  f o r  r educ t ion  i n  c o s t s  by 
methods t h a t  have been proposed t o  improve t h a t  technology. 

i n d u s t r y  would r a i s e  a ques t ion  as  t o  haw the  o i l  when i t  i s  r e f i n e d  would be 
t r e a t e d  i n  determining t h e  o v e r a l l  s i z e  of t h e  o i l  import quota. I f  t h e  o i l  were 
t r e a t e d  the  same a s  domestic product ion  of crude o i l ,  a r e f i n e r y  would genera te  a 
quota  f o r  t he  s y n t h e t i c s  processed ,  and f o r  a small r e f i n e r ,  t h i s  could be worth 

i 
1 1 

I 
‘i 

1 

I f  a quota system were cont inued ,  development of a commercial s y n t h e t i c s  

1 

a s  much a s  llc p e r  b a r r e l . l /  \ 

b. The d e p l e t i o n  allowance 

The d e p l e t i o n  allowance f o r  crude o i l  and gas i s  now 2 2  percen t .  
\ 

Because 
of t h e  high percentage of d r y  h o l e s  d r i l l e d  i n  t h e  search  f o r  o i l ,  t h e  allowance 
has  been j u s t i f i e d  by i n d u s t r y  on t h e  b a s i s  t h a t  t h e  r e s u l t i n g  t a x  sav ings  a r e  
needed t o  pay f o r  e x p l o r a t i o n  f o r  new o i l  f i e l d s .  

- 
- 1/ T.he d i f f e r e n c e  between t h e  p r i c e  of imported and d m e s t i c  o i l  i s  about $1.25 i n  

t h e  East and each b a r r e l  of domestic o i l  used i n  a r e f i n e r y  genera tes  .090 
b a r r e l s  of o i l  i m p o r t  quota .  Thus $1.25 X .09 = l l c / b b l .  
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The o i l  indus t ry  has urged repea ted ly  t h a t  o i l  from s h a l e  r e c e i v e  t h e  same t a x  

’ t reatment  a s  crude o i l ,  presumably because sha le  o i l  would be i n  d i r e c t  compet i t ion 
with crude o i l .  U n t i l  t h i s  p a s t  year ,  the d e p l e t i o n  allowance was 15 percent  on che 

I value  of t h e  mined rock.  A t  t h i s  r a t e ,  t h e  allowance is  equiva len t  t o  about 18 cents  
p e r  b a r r e l  of semiref ined sha le  o i l  (before  t a x e s ) .  The 1969 Tax A c t  changed t h e  
d e p l e t i o n  allowance t o  15 percent  on the  s h a l e  o i l  and t h i s  would be equiva len t  t o  
about 35 cents  p e r  b a r r e l  of sha le  o i l  a t  t h e  r e t o r t .  Deplet ion al lowance on coa l  
i s  10 percent  on t h e  mined coa l  and t h i s  i s  es t imated  t o  be worth about 15 c e n t s  
p e r  b a r r e l .  Table 1 shows t h e  e f f e c t  on c o s t s  of v a r i o u s  l e v e l s  of d e p l e t i o n  allow- 
ance when taken on t h e  mined raw m a t e r i a l  and on t h e  l i q u i d ,  r e f i n e d  t o  two leve ls  
of q u a l i t y .  

/ 

’ 

c .  S t a t e  p r o r a t i o n i n g  

S ta te  p r o r a t i o n i n g  p r a c t i c e s  were developed t o  conserve o i l ,  i . e . ,  t o  pre- / 
vent  producing o i l  above t h e  maximum e f f i c i e n t  r a t e  e i t h e r  f o r  t h e  purpose of  recover- 
i n g  an investment qu ick ly  o r  prevent ing dra inage  of o i l  from a d e p o s i t  by adjacent  
producers  i n  t h e  same f i e l d .  Actua l ly ,  however, p r o r a t i o n i n g  p r a c t i c e s  have had t h e  
e f f e c t  of maintaining a s t a b l e  p r i c e  f o r  crude o i l .  Crude oil p r i c e s  remained 
r e l a t i v e l y  cons tan t  f o r  a 10-year per iod ,  bu t  s t a r t e d  t o  climb i n  1968 w i t h  a 3 cents  

~ per  b a r r e l  p r i c e  r i s e  followed by a 12 c e n t s  p e r  b a r r e l  r i se  i n  1969. 
I f  p rora t ion ing  were s topped,  a t  l e a s t  i n  t h e  i n i t i a l  s t a g e  of development of 

s y n t h e t i c s ,  the  s y n t h e t i c  i n d u s t r y  might be adverse ly  a f f e c t e d  because crude p r i c e s  
would be expected t o  drop.  This ,  i n  t u r n ,  would e l i m i n a t e  t h e  high c o s t  marginal  
w e l l s ,  and as a r e s u l t  a t  some l a t e r  time p r i c e s  might tend t o  r i s e .  

those s t a t e s  p r a c t i c i n g  p r o r a t i o n i n g  would be smal l ,  but a s  t h e  product ive  capac i ty  
became s i g n i f i c a n t  some method would have t o  be developed t o  accommodate s y n t h e t i c s  
t o  the  crude o i l .  

I As long as t h e  s y n t h e t i c  i n d u s t r y  remained r e l a t i v e l y  small, t h e  impact on 

d.  Federal  l e a s i n g  p o l i c i e s  

I f  s y n t h e t i c s  become competi t ive a t  present  domestic p r i c e s  of c rude  o i l ,  
i n t e r e s t  i n  l e a s i n g  of Federa l  o i l  and gas lands  could be expected t o  d e c l i n e .  Since 
Outer Cont inenta l  Shelf l e a s i n g  i s  g e n e r a l l y  be l ieved  t o  o f f e r  more f a v o r a b l e  oppor-  
t u n i t i e s  f o r  d i scovery ,  i t  would be a f f e c t e d  l e s s  than on-shore l e a s e s .  Nevertheless ,  
t h e  l a r g e  amounts of c a p i t a l  requi red  f o r  s y n t h e t i c s  p l a n t s  might reduce i n t e r e s t  i n  
t h e  Outer Cont inental  Shelf and reduce the  amounts of t h e  bonus b i d s .  If on t h e  
o t h e r  hand, before  the  f i r s t  s y n t h e t i c s  p l a n t  was cons t ruc ted  a l a r g e  number of 
favorable  t r a c t s  on t h e  Outer Cont inenta l  Shelf  were o f f e r e d  a t  f requent  i n t e r v a l s ,  
and i f  t h e  d r i l l i n g  proved s u c c e s s f u l ,  the  development of s y n t h e t i c s  could be f u r -  
t h e r  delayed.  There i s  a l ready  some evidence t h a t  t h e  d iscovery  of l a r g e  petroleum 
resources  i n  Northern Alaska has  changed t o  some e x t e n t  t h e  planned t i m e t a b l e  f o r  
s y n t h e t i c  f u e l s  development by some o i l  companies. 

2 .  Fac tors  t h a t  a f f e c t  conversion of o i l  s h a l e  t o  sha le  o i l  

a. T i t l e  c learance  

Approximately 28 percent  of t h e  t o t a l  o i l  s h a l e  acreage  i s  i n  p r i v a t e  
ownership, bu t  t h i s  conta ins  only a l i t t l e  over  20 percent  of  t h e  s h a l e  o i l .  Nearly 
80 percent  of t h e  Federal  l ands  have clouded t i t l e ,  c o n s i s t i n g  of 36,000 o i l  sha le  
claims made before  1920 and 16,000 a d d i t i o n a l  c la ims f o r  v a r i o u s  o t h e r  m a t e r i a l s  
f i l e d  s i n c e  t h a t  d a t e .  

A c t ,  were made under condi t ions  t h a t  permit ted l o c a t i o n  and p a t e n t i n g  of o i l  sha le  
d e p o s i t s .  In 1964 s e v e r a l  tes t  cases were i n i t i a t e d  t o  e s t a b l i s h  a set of l e g a l  
p r i n c i p l e s  f o r  judging t h e  v a l i d i t y  of t h e  pre-1920 claims.  

The pre-1920 claims,  i . e . ,  those made before  passage of t h e  Mineral Leasing 

Hearings on t h e s e  
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t i s s u e s  be fo re  a hea r ing  examiner of t h e  Bureau of Land Management have been concluded. 
If a d e c i s i o n  adverse t o  t h e  claimant i s  i s s u e d ,  an appeal probably w i l l  be taken t o  
t h e  Sec re t a ry  and then  t o  the  c o u r t s .  A t  b e s t ,  t h e  i s s u e s  cannot f i n a l l y  be resolved 
f o r  s eve ra l  yea r s .  

The o i l  sha l e  l ands  were withdrawn i n  1930 and except f o r  t he  t h r e e  t e s t  l ea ses  
r e c e n t l y  o f f e red ,  remain withdrawn. However, t he  passage of t h e  Mul t ip l e  Mineral 
Development Act of 1954 pe rmi t t ed  t h e  l o c a t i o n  of d e p o s i t s  of m e t a l l i f e r o u s  minera ls  
on o i l  sha l e  lands.  There were 5,200 claims f i l e d  on t h e  o i l  s h a l e  lands  i n  1966, 
apparent ly  i n  an a t tempt  t o  ob ta in  t i t l e  by l o c a t i n g  dawsonite on t h e  o i l  sha le  
lands .  In January- 1967, t h e r e f o r e ,  t he  lands  were withdrawn from a l l  mining 
l o c a t i o n .  

nea r ly  3,000 of the  1966 c la ims  a r e  being con te s t ed  by the  U.S. Department of 
I n t e r i o r .  

It i s  not p o s s i b l e  t o  a s s e s s  t h e  v a l i d i t y  of t hese  more r e c e n t  claims and 

b. The Minera l  Leasing Act 

Several  p r o v i s i o n s  of t he  p re sen t  Mineral  Leasing Act ,  under which o i l  
sha l e  lands  are l e a s e d ,  r e q u i r e  modi f ica t ion  i f  t h e  lands  a r e  t o  b e  developed under 
optimum condi t ions .  The l i m i t a t i o n  of one l e a s e  pe r  person, a s s o c i a t i o n ,  o r  corpor- 
a t i o n ,  i s  u n r e a l i s t i c  i f  an o i l  s h a l e  indus t ry  of any s i z e  i s  t o  come i n t o  ex i s t ence .  
Moreover, t h e  p rov i s ion  i s  a s e r i o u s  obs t ac l e  t o  bu i ld ing  t h e  f i r s t  p l a n t .  This  is 
because a p ioneer ing  p l a n t  might develop t h e  technology a t  a loss and then  be fore-  
c losed  from holding a second l e a s e  on which i t  could capture  t h e  b e n e f i t s  of t h a t  
technology. These o b j e c t i o n s  a l s o  can be r a i s e d  wi th  r e spec t  t o  t h e  l i m i t a t i o n  of 
5,120 ac res  per l e a s e  which i s  another  p rov i s ion  of t h e  present  law. An acreage 
l i m i t a t i o n  has  no r e a l  meaning s ince  t h e  r a t i o  of t h e  amount of sha le  o i l  represented 
pe r  a c r e  can range from a s  much a s  100 t o  1 depending on the  th i ckness  and q u a l i t y  
of t h e  r e se rve .  

c .  Bidding procedures  

Under the  terms of t h e  Mineral  Leasing Act any number of bidding methods 
is  p o s s i b l e .  
be o r a l  auc t ion  o r  s e a l e d ,  p r o f i t  shar ing ,  bonus b idding ,  r o y a l t y  b idding  o r  a com- 
b i n a t i o n  of t hese  methods. 
t i v e  sea l ed  b ids  wi th  a combination bonus and r o y a l t y  arrangement were used. Other 
methods might be t r i e d  i n  t h e  f u t u r e  t o  a t t r a c t  s t ronge r  b ids .  
procedures se l ec t ed  w i l l  have a marked e f f e c t  on o i l  sha l e  development s ince  
p o t e n t i a l  b idders  may p r e f e r  one method over another  and t h i s  could s e r i o u s l y  a f f e c t  
t h e  number and s i z e  of b i d s  rece ived .  

The l e a s i n g  can be competit ive o r  non-competit ive,  and t h e  bidding can 

In t h e  tes t  l e a s e s  o f f e red  i n  December of 1968, competi- 

The bidding 

d .  Leasing procedures ,  terms and p rov i s ions  

While v a r i o u s  e x i s t i n g  s t a t u t e s  r e q u i r e  c e r t a i n  requirements t o  be s t i p -  
u l a t e d  i n  a l l  l eases- -such  a s  t h e  non-d iscr imina t ion  c lause- - there  i s  ample leeway 
f o r  t h e  l e s s o r  t o  inc lude  o the r  p rov i s ions  which can be designed e i t h e r  t o  encourage 
o r  d i scourage  b idding ,  o r ,  more impor tan t ,  t o  f o r c e  the  b idder  t o  d iscount  h i s  bid 
so heav i ly  t h a t  i t  w i l l  be r e j e c t e d .  

Such f a c t o r s  as t h e  number of l e a s e s  o f f e red  p e r  s a l e ,  frequency of s a l e s ,  
s i z e  of t r a c t  o f fe red  and t h e  q u a l i t y  of t h e  r e source  could a l s o  be of c r i t i c a l  
importance t o  the  r a t e  and t iming of o i l  sha l e  development. The i n i t i a l  number of 
b idde r s  w i l l  probably be sma l l ,  so  t h a t  the  frequency of s a l e s ,  a t  l e a s t  i n  t h e  
beginning ,  should be low. The t r a c t  m u s t  con ta in  s u f f i c i e n t  sha le  o i l  so  t h a t  a 
p l a n t  l a r g e  enough t o  be economic can be  supported and paid out wi th  an adequate 
r e t u r n  i n  20 years .  
Act .  

A t  t h a t  t ime,  r e n e g o t i a t i o n  i s  requi red  by the Mineral Leasing 
In  a d d i t i o n ,  t h e r e  a r e  g r e a t  advantages when a resource  i s  j u s t  reaching  the  
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I The r i c h  o i l  sha l e  d e p o s i t s  a r e  concent ra ted  i n  a reas  of Colorado, Utah, 
and Wyoming t h a t  a r e  l a r g e l y  r u r a l  i n  na tu re .  The establishment of any l a r g e  new 
indus t ry  would r equ i r e  the  development of a h ighly  complex i n f r a s t r u c t u r e  t h a t  d o e s  
no t  now e x i s t  and would mean e i t h e r  recru i tment  or  t r a i n i n g  of var ious  s k i l l e d  labor  

l i b r a r i e s ,  t r a n s p o r t a t i o n  and communication systems, water  and power s e r v i c e s  and 
,f and p ro fes s iona l s  which a r e  not  now found i n  the  a r e a .  Adequate housing, s choo l s ,  
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ground water  and s t reams can be avoided. 
p rov i s ion  must be made t o  s t a b i l i z e  the  spent  sha le  t o  prevent a i r  p o l l u t i o n  by 
blowing f i n e s  when t h e  p i l e  i s  dry .  

Where f i n e  sha lz  i s  used f o r  r e t o r t i n g ,  

7 
3. Fac tors  t h a t  w i l l  a f f e c t  conversion from coa l  t o  o i l  

Production of l i q u i d  f u e l s  from coa l  w i l l  no t  be a f f e c t e d  a s  much by Federa l  
\ 

a c t i o n  o r  i nac t ion  a s  l i q u i d  f u e l s  from o i l  sha l e .  Unlike t h e  high grade o i l  sha l e  
d e p o s i t s ,  coa l  i s  found wide ly  d i spe r sed  geographica l ly  wi th  commercial type depos i t s  

of t h e s e  depos i t s  may be on pub l i c  lands- -near ly  a l l  of t h i s  West of t h e  Miss i s s ipp i - -  
t h i s  s t i l l  leaves  one t r i l l i o n  tons  of recoverable  r e se rves  i n  p r i v a t e  ownership. 
In  a d d i t i o n ,  coa l s  of a l l  rank and suscep t ib l e  t o  a l l  types  of mining systems a r e  
owned i n  abundance by i n d i v i d u a l s  and l a r g e  c o a l ,  o i l  and s t e e l  companies. T h e r e f o r e , \  

r epor t ed  i n  34 s t a t e s .  This  i s  shown i n  F igu re  1. Although a s  much a s  40 percent  '1 

t h e  ques t ions  t h a t  a;e c r u c i a l  i n  o i l  s h a i e  development, such a s  t i t l e  c l ea rance ,  
l e a s e  terms and p r o v i s i o n s ,  should not be an important f a c t o r  i n  t h e  e a r l y  s t a g e s  
of development of a commercial c o a l - t o - o i l  i ndus t ry .  

a .  A v a i l a b i l i t y  of water  

The widespread geographic d i s t r i b u t i o n  of t h e  coa l  d e p o s i t s  means t h a t  many 
of t h e  d e p o s i t s  can be found i n  a reas  where the  a v a i l a b i l i t y  of water  should c rea t e  
no g r e a t  problems. A l l  of t h e  coa l  d e p o s i t s  Eas t  of t h e  Miss i s s ipp i  a r e  found i n  
water  abundant l o c a t i o n s .  Many of t h e  l a r g e  d e p o s i t s  of Wyoming, Montana, and North 
Dakota a r e  i n  a r e a s  where enough water  w i l l  be a v a i l a b l e  f o r  an indus t ry .  Moreover, 
compet i t ion  i n  these  a r e a s  f o r  t h e  water would be much smal le r  and t h e r e  should be 
much fewer water r i g h t s  problems than f o r  t he  Colorado River and i t s  t r i b u t a r i e s .  
Some c o a l  d e p o s i t s  a r e ,  however, found i n  water  d e f i c i e n t  a r e a s ,  and f o r  t hese  loca- 
t i o n s  t h e r e  would be a choice  of moving water  t o  t h e  coa l  o r  coa l  t o  t h e  water .  The 
s e l e c t i o n  of which would be done would depend upon o the r  f a c t o r s  such a s  marketing 
cond i t ions ,  t he  r e l a t i v e  c o s t s  of t r a n s p o r t a t i o n  of c o a l ,  water  o r  t h e  f i n i s h e d  o i l ,  
and o t h e r  economic c o n s i d e r a t i o n s .  

b. Location of  t h e  d e p o s i t s  

i 

\i 

I A s  i nd ica t ed  under t h e  d i scuss ion  on o i l  sha l e ,  t he  l o c a t i o n  of t h e  resource 
i s  important because of (1) t h e  need f o r  a well-developed i n f r a s t r u c t u r e  t o  serve t h e  
l a r g e  s c a l e  p l a n t s  t h a t  a r e  r e q u i r e d  t o  achieve  economies of s c a l e ,  and (2)  t he  
importance of t r a n s p o r t a t i o n  c o s t s  in  b r ing ing  t h e  f i n i s h e d  products  t o  market. The 
very  l a r g e  wide-spread geographic d i s t r i b u t i o n  of c o a l ,  much of i t  near  t he  cen te r s  
of  g r e a t  popula t ion  d e n s i t y  and i n  we l l  e s t a b l i s h e d  communities where the  i n f r a -  
s t r u c t u r e  i s  w e l l  developed, and where s k i l l e d  labor  i s  a v a i l a b l e ,  should g ive  coa l  
a compet i t ive  advantage over o i l  sha l e  o r  t a r  sands.  Moreover, t hese  same popu- 
l a t i o n  c e n t e r s  would provide  markets f o r  t h e  product a t  much reduced t r a n s p o r t a t i o n  ' 

c o s t s .  

', 

1 

\ 
c.  Environmental p r o t e c t i o n  

A s  i n  t h e  c a s e  of o i l  sha l e ,  methods a l r eady  e x i s t  f o r  prevent ing  adverse 
e f f e c t s  on the  land from mining--e i ther  s t r i p  o r  underground. Technology a l s o  e x i s t s  
f o r  prevent ing  a i r  o r  water  p o l l u t i o n  a r i s i n g  a t  t h e  coa l  conversion process ing  
p l a n t s .  Unlike o i l  s h a l e ,  however, s o l i d  waste d i s p o s a l  should p re sen t  no s i g n i f i -  
can t  problem nor w i l l  i t  involve  t h e  c o s t s  of d i s p o s a l  t h a t  a r e  inhe ren t  when o i l  
sha l e  i s  r e t o r t e d .  Each ton  of c o a l  produces about 2.5 b a r r e l s  of o i l  and only  200 
pounds of ash  s o  t h a t  on ly  about 1 /25 th  a s  much s o l i d  waste i s  generated p e r  b a r r e l  
of o i l  produced a s  when us ing  o i l  sha l e .  Disposal of t h e  s o l i d  waste i n  t h e  empty 
space l e f t  a f t e r  t h e  c o a l  w a s  mined would be one s o l u t i o n  t o  t h e  problem. Uses 
s i m i l a r  t o  those  a l r eady  developed f o r  f l y  ash--a m a t e r i a l  which the  waste from 
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conversion p l a n t s  would resemble--might be found f o r  t h e  s o l i d  r e s idue  and thus  turn  
a waste ma te r i a l  i n t o  a u s e f u l  product ,  al though supply of spent sha le  could  be 
expected t o  exceed demand f o r  many years .  

d .  Other f a c t o r s  

Although conversion of coa l  appears t o  have f a r  fewer non-technologic 
problems a s soc ia t ed  wi th  i t s  development than  o i l  sha l e ,  p rocesses  f o r  c o a l  conver- 
s ion  may s t i l l  n o t  be developed before  those  f o r  o i l  sha l e .  A t  t h i s  t ime,  t h e r e  i s  
cons iderably  more p i l o t  p l an t  experience us ing  va r ious  o i l  sha l e  processes  than  there  
is experience wi th  the  more advanced coal-conversion processes  t h a t  w i l l  be requi red  
f o r  coal-conversion t o  be compet i t ive  wi th  c rude  petroleum o r  sha le  o i l .  
coa l  i s  much more d e f i c i e n t  i n  hydrogen than  t h e  crude s h a l e  o i l ,  and t h e  c o s t  of 
producing t h e  r equ i r ed  hydrogen from coa l  i s  r e l a t i v e l y  h igh .  
hydrogen production c o s t s  would cause an important change i n  the  r e l a t i v e  a t t r a c t i v e -  
ness  of c o a l  and o i l  sha l e  development. 

Moreover, 

Any breakthrough i n  

4 .  Fac to r s  t h a t  a f f e c t  t a r  sands development 

Although information on t a r  sand r e s e r v e s  i n  t h e  U . S .  i s  l i m i t e d ,  it appears 
t h a t  t he  t o t a l  r e se rves  of t h e  h igh  q u a l i t y  d e p o s i t s  of s u f f i c i e n t  s i z e  f o r  a l a r g e  
p l an t  t h a t  would be needed f o r  t h e  i n i t i a l  development of an indus t ry  a r e  l imi ted .  
There may be ind iv idua l  d e p o s i t s  which a r e  a t t r a c t i v e ,  bu t  t h e  amount o f  product ion  
from t h e s e  d e p o s i t s  can be expected t o  be smal l .  
carbon sources  t o  meet demand i n  t h e  next  cen tu ry  t h e  lower grade d e p o s i t s ,  of which 
the re  may be many, could be a use fu l  source of hydrocarbon supply.  

geographica l ly .  
c o s t s .  P re sen t ly ,  t h e r e  i s  a 45,000 barre l -per -day  commercial p l a n t  in  opera t ion  
wi th  p l a n s  f o r  a l a r g e r  80,000 bar re l -per -day  p l a n t  a l ready  drawn. 
Canadian t a r  sands w i l l  be a f f e c t e d  g r e a t l y  by non-technologic factors--Canadian 
po l i cy  wi th  r e spec t  t o  t h e i r  development i n  competit ion wi th  t h e i r  own crude  o i l ,  
wi th  o i l  expor t  p o l i c i e s  of t h e  Canadian government and wi th  the  j o i n t  U.S.-Canadian 
f u e l  p o l i c y  t h a t  i s  now being developed. 

A s  t he  need a r i s e s  f o r  o t h e r  hydro- 

The Canadian t a r  sand r e s e r v e s  of good q u a l i t y  a r e  l a r g e  and concent ra ted  
The t o t a l  i s  es t imated  a t  85 b i l l i o n  b a r r e l s  recoverable  a t  today ' s  

Development of 

5. Other f a c t o r s  common t o  a l l  s y n t h e t i c s  

a .  S t a t e  and l o c a l  condi t ions  

The a c t i o n s  t h a t  state and l o c a l  governments take  wi th  r e s p e c t  t o  both 
proper ty  and personal  t a x e s ,  zoning r e g u l a t i o n s ,  l o c a l  conserva t ion  and environmental 
r e g u l a t i o n s ,  s t a t e  w a t e r  laws, and o the r  r e l a t e d  f a c t o r s  could have an important 
i n f luence  on s y n t h e t i c  development. Where d e p o s i t s  a r e  loca t ed  i n  remote a r e a s ,  t h e  
a c t i o n s  of s t a t e  and l o c a l  government t o  provide  t h e  schools ,  t r a n s p o r t a t i o n  f a c i l i -  
t i e s ,  roads ,  l i b r a r i e s ,  and r e c r e a t i o n a l  f a c i l i t i e s  could have a s i g n i f i c a n t  impact 
on the  r a t e  a t  which an indus t ry  develops,  s i n c e  t h e  a b i l i t y  t o  a t t r a c t  and keep 
t h e  necessary  l abor  fo rce  would be g r e a t l y  inf luenced  by t h e s e  f a c t o r s .  

b. C a p i t a l  requi rements  

With e x i s t i n g  technology, c a p i t a l  requirements are very  h igh ,  reaching  as 
much as $3,000-$4,000 per  d a i l y  b a r r e l  t o  produce a s y n t h e t i c  crude o i l .  
combined wi th  t h e  need f o r  t h e  ve ry  l a r g e  p l a n t s  requi red  t o  a t t a i n  t h e  economies 
of s c a l e ,  d i c t a t e s  investments i n  the  range of $300 t o  $400 m i l l i o n  p e r  p l a n t .  Few 
f i rms  would be a b l e  t o  make investments of t h i s  s i z e  i n  s i n g l e  p l a n t s .  Some of t he  
m a j o r  companies, e i t h e r  a lone  o r  i n  j o i n t  v e n t u r e s ,  should be a b l e  t o  r a i s e  t h e  
necessary  c a p i t a l ,  al though even f o r  these  ve ry  l a r g e  companies t h e  c a p i t a l  requi re -  
ments p re sen t  some obs t ac l e .  The high i n t e r e s t  r a t e s  t h a t  a r e  now common a l s o  

This  f a c t ,  
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c r e a t e  a detriment t o  s y n t h e t i c  f u e l s  i n d u s t r i e s  because of the  c a p i t a l - i n t e n s i v e  
n a t u r e  of s y n t h e t i c s  p l a n t s .  

c. I n s t i t u t i o n a l  p r a c t i c e s  of t h e  o i l  i ndus t ry  

There i s  always a high degree of r e s i s t a n c e  by an indus t ry  t o  any r a d i c a l  
change i n  raw m a t e r i a l  sources .  
problems which one has  learned  t o  manage, and t o  a t t a c k  a completely new s e t  of un- 
known ones.  Coal,  o i l  s h a l e ,  and t a r  sands a s  r e sources  d i f f e r  from crude petroleum 
i n  t h a t  t h e  approximate s i z e  and q u a l i t y  of t h e  d e p o s i t s  can be a s c e r t a i n e d  with 
r e l a t i v e  ease .  However, they  r equ i r e  new methods of process ing ,  and a knowledge of 
mining technology--a technology gene ra l ly  unknown o r  un fami l i a r  t o  many o i l  com- 
pan ie s .  t he  o t h e r  hand, t h e  v e r t i c a l  i n t e g r a t i o n  c h a r a c t e r i s t i c  of much of t he  
o i l  i ndus t ry  would appear  t o  be u s e f u l ,  and p o s s i b l y  necessary ,  t o  a f i rm  e n t e r i n g  
i n t o  a commercial s y n t h e t i c  i ndus t ry .  This  sugges ts  t h a t  t h e r e  may be obs t ac l e s  t o  
t h e  e n t r y  i n t o  s y n t h e t i c s  by o the r  than  petroleum companies. 

V .  Summary 

There i s  a r e luc t ance  t o  g ive  up a s e t  of known 

It i s  obvious t h a t  t h e  many publ ic  po l i cy  i s s u e s  t h a t  a r e  a s soc ia t ed  wi th  t h e  
complex, h ighly  compet i t ive  and i n t e r r e l a t e d  f u e l  resources  w i l l  have an important 
impact on t h e  development of a s y n t h e t i c  f u e l s  i ndus t ry .  The demand f o r  l i q u i d  fue ls  
i s  expected t o  cont inue  t o  r i s e  i n  t h e  f u t u r e ,  but should a sho r t age  develop, pro- 
duc t ion  of s y n t h e t i c s  i s  only  one of s eve ra l  ways t h a t  t h i s  energy requirement could 
be met. Whether s y n t h e t i c  production would be t h e  p re fe r r ed  method would depend 
upon i t s  a t t r a c t i v e n e s s  compared t o  t h a t  of t h e  a l t e r n a t i v e s .  Th i s ,  i n  t u r n ,  would 
depend on both the  s t a t e  of technology, and t h e  e f f e c t  of non-technologic f a c t o r s .  
The major non-technologic f a c t o r s  that a r e  common t o  t h e  development of any of t he  
s y n t h e t i c s  a r e  r e l a t e d  t o  those  t h a t  a f f e c t  t h e  p r i c e  of crude o i l  w i t h  which the  
s y n t h e t i c s  would have t o  compete. These a r e  (1) t h e  r u l e s  governing the  imports of 
crude o i l  o r  i t s  p r o d u c t s ,  ( 2 )  t h e  dep le t ion  allowance, ( 3 )  s t a t e  p ro ra t ion ing  prac- 
t i c e  and ( 4 )  Federa l  l e a s i n g  p o l i c i e s .  Other non-technologic f a c t o r s  t h a t  would 
a f f e c t  a l l  of t h e  s y n t h e t i c s  a r e  (1) s t a t e  and l o c a l  r e g u l a t i o n s ,  (2)  very l a rge  
c a p i t a l  requi rements ,  and (3)  i n s t i t u t i o n a l  p r a c t i c e s  of t h e  o i l  i ndus t ry .  

The non- technologic  f a c t o r s  p e c u l i a r  t o  o i l  s h a l e  a r e  (1) t i t l e  c learance  
problems wi th  t h e  l and ,  (2)  p rov i s ions  o f  t h e  Mineral  Leasing Act ,  (3)  u n c e r t a i n t i e s  
wi th  r e s p e c t  t o  b idd ing  procedures ,  ( 4 )  l e a s i n g  procedures ,  terms and condi t ions ,  
(5) i n  Some a reas  t h e  a v a i l a b i l i t y  of water ,  ( 6 )  remote l o c a t i o n  of t h e  d e p o s i t s ,  
and ( 7 )  e x t r a  problems a s soc ia t ed  wi th  environmental  p r o t e c t i o n .  

they  a r e  f o r  o i l  s h a l e .  The favorable  and ex tens ive  l o c a t i o n  of coa l  d e p o s i t s  and 
t h e  l a r g e  p r i v a t e  ho ld ings  t h a t  permit an indus t ry  t o  develop wi th  l e s s  government 
involvement sharp ly  reduce  t h e  impact of non-technologic f a c t o r s .  Environmental f ac -  
t o r s  should a l s o  be more favorable  f o r  coa l  b u t ,  i n  r ecen t  y e a r s ,  l a r g e r  s c a l e  t e s t s  
of o i l  sha l e  processes  have been made than  have been made f o r  coa l .  The major prob- 
lem f o r  coa l  is  a t echno log ic  one--the h igh  c o s t  of producing hydrogen from coal  w i th  
which t o  upgrade t h e  c o a l  t o  a l i q u i d  product .  

l i q u i d  f u e l  supp l i e s .  
however, could be of no importance i n  the  o v e r a l l  energy supply of North America. 
Thei r  commercial p roduct ion  w i l l  be g r e a t l y  inf luenced  by non-technologic f ac to r s - -  
namely Canadian p o l i c i e s  wi th  r e spec t  t o  how they  w i l l  be developed i n  competit ion 
wi th  Canada ' s  crude o i l  d e p o s i t s ,  Canadian expor t  p o l i c i e s  and t h e  terms and condi- 
t i o n s  of  t he  j o i n t  U.S.-Canadian f u e l  po l i cy  which i s  now under a c t i v e  cons idera t ion .  

These seven non- technologic  f a c t o r s  a r e  of  much l e s s  importance f o r  coa l  than 

Known U . S .  d e p o s i t s  of t a r  sands a r e  too  smal l  t o  have any g rea t  impact on t o t a l  
Development of t he  l a r g e  r e se rves  of Canadian t a r  sands,  
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Figure I 

Recoveroble reserves of . 

bituminous cool and lignite 
by state  1967 
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